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SYSTEM AND METHOD FOR DETECTING 
AND MANAGING HPC NODE FAILURE 

TECHNICAL FIELD 

This disclosure relates generally to the ?eld of data pro 
cessing and, more speci?cally, to a system and method for 
detecting and managing HPC node failure. 

BACKGROUND OF THE INVENTION 

High Performance Computing (HPC) is often character 
iZed by the computing systems used by scientists and engi 
neers for modeling, simulating, and analyZing complex 
physical or algorithmic phenomena. Currently, HPC 
machines are typically designed using numerous HPC clus 
ters of one or more processors referred to as nodes. For most 

large scienti?c and engineering applications, performance is 
chie?y determined by parallel scalability and not the speed of 
individual nodes; therefore, scalability is often a limiting 
factor in building or purchasing such high performance clus 
ters. Scalability is generally considered to be based on i) 
hardWare, ii) memory, I/O, and communication bandWidth; 
iii) softWare; iv) architecture; and V) applications. The pro 
cessing, memory, and I/O bandWidth in most conventional 
HPC environments are normally not Well balanced and, there 
fore, do not scale Well. Many HPC environments do not have 
the I/O bandWidth to satisfy high-end data processing 
requirements or are built With blades that have too many 
unneeded components installed, Which tend to dramatically 
reduce the system’s reliability. Accordingly, many HPC envi 
ronments may not provide robust cluster management soft 
Ware for ef?cient operation in production-oriented environ 
ments. 

SUMMARY OF THE INVENTION 

This disclosure provides a system and method for manag 
ing HPC node failure that includes determining that one of a 
plurality of HPC nodes has failed, With each HPC node com 
prising an integrated fabric. The failed node is then removed 
from a virtual list of HPC nodes, With the virtual list compris 
ing one logical entry for each of the plurality of HPC nodes. 

The invention has several important technical advantages. 
For example, one possible advantage of the present invention 
is that by at least partially reducing, distributing, or eliminat 
ing centraliZed sWitching functionality, it may provide greater 
input/output (I/O) performance, perhaps four to eight times 
the conventional HPC bandWidth. Indeed, in certain embodi 
ments, the I/O performance may nearly equal processor per 
formance. This Well-balanced approach may be less sensitive 
to communications overhead. Accordingly, the present inven 
tion may increase blade and overall system performance. A 
further possible advantage is reduced interconnect latency. 
Further, the present invention may be more easily scaleable, 
reliable, and fault tolerant than conventional blades. Yet 
another advantage may be a reduction of the costs involved in 
manufacturing an HPC server, Which may be passed on to 
universities and engineering labs, and/ or the costs involved in 
performing HPC processing. The invention may further alloW 
for management softWare that is more robust and ef?cient 
based, at least in part, on the balanced architecture. Various 
embodiments of the invention may have none, some, or all of 
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2 
these advantages. Other technical advantages of the present 
invention Will be readily apparent to one skilled in the art. 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a more complete understanding of the present disclo 
sure and its advantages, reference is noW made to the folloW 
ing descriptions, taken in conjunction With the accompanying 
draWings, in Which: 

FIG. 1 illustrates an example high-performance computing 
system in accordance With one embodiment of the present 
disclosure; 

FIGS. 2A-D illustrate various embodiments of the grid in 
the system of FIG. 1 and the usage thereof; 

FIGS. 3A-C illustrate various embodiments of individual 
nodes in the system of FIG. 1; 

FIGS. 4A-B illustrate various embodiments of a graphical 
user interface in accordance With the system of FIG. 1; 

FIG. 5 illustrates one embodiment of the cluster manage 
ment softWare in accordance With the system in FIG. 1; 

FIG. 6 is a ?owchart illustrating a method for submitting a 
batch job in accordance With the high-performance comput 
ing system of FIG. 1; 

FIG. 7 is a ?owchart illustrating a method for dynamic 
back?lling of the grid in accordance With the high-perfor 
mance computing system of FIG. 1; and 

FIG. 8 is a ?oW chart illustrating a method for dynamically 
managing a node failure in accordance With the high-perfor 
mance computing system of FIG. 1. 

DETAILED DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram illustrating a high Performance 
Computing (HPC) system 100 for executing softWare appli 
cations and processes, for example an atmospheric, Weather, 
or crash simulation, using HPC techniques. System 100 pro 
vides users With HPC functionality dynamically allocated 
among various computing nodes 115 with U0 performance 
substantially similar to the processing performance. Gener 
ally, these nodes 115 are easily scaleable because of, among 
other things, this increased input/output (I/O) performance 
and reduced fabric latency. For example, the scalability of 
nodes 115 in a distributed architecture may be represented by 
a derivative of Amdahl’s laW: 

Where S(N):Speedup on N processors, Fp:Fraction of Par 
allel Code, Fs:Fraction of Non-Parallel Code, FcIFraction of 
processing devoted to communications, and RR/LIRatio of 
Remote/Local Memory BandWidth. Therefore, by HPC sys 
tem 100 providing I/O performance substantially equal to or 
nearing processing performance, HPC system 100 increases 
overall e?iciency of HPC applications and alloWs for easier 
system administration. 
HPC system 100 is a distributed client/ server system that 

alloWs users (such as scientists and engineers) to submit jobs 
150 for processing on an HPC server 102. For example, 
system 100 may include HPC server 102 that is connected, 
through netWork 106, to one or more administration Worksta 
tions or local clients 120. But system 100 may be a standalone 
computing environment or any other suitable environment. In 
short, system 100 is any HPC computing environment that 
includes highly scaleable nodes 115 and alloWs the user to 
submit jobs 150, dynamically allocates scaleable nodes 115 
for job 150, and automatically executes job 150 using the 
allocated nodes 115. Job 150 may be any batch or online job 
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operable to be processed using HPC techniques and submit 
ted by any apt user. For example, job 150 may be a request for 
a simulation, a model, or for any other high-performance 
requirement. Job 150 may also be a request to run a data 
center application, such as a clustered database, an online 
transaction processing system, or a clustered application 
server. The term “dynamically,” as used herein, generally 
means that certain processing is determined, at least in part, at 
run-time based on one or more variables. The term “automati 

cally,” as used herein, generally means that the appropriate 
processing is substantially performed by at least part of HPC 
system 100. It should be understood that “automatically” 
further contemplates any suitable user or administrator inter 
action With system 100 Without departing from the scope of 
this disclosure. 
HPC server 102 comprises any local or remote computer 

operable to process job 150 using a plurality of balanced 
nodes 115 and cluster management engine 130. Generally, 
HPC server 102 comprises a distributed computer such as a 
blade server or other distributed server. HoWever the con?gu 
ration, server 102 includes a plurality of nodes 115. Nodes 
115 comprise any computer or processing device such as, for 
example, blades, general-purpose personal computers (PC), 
Macintoshes, Workstations, Unix-based computers, or any 
other suitable devices. Generally, FIG. 1 provides merely one 
example of computers that may be used With the disclosure. 
For example, although FIG. 1 illustrates one server 102 that 
may be used With the disclosure, system 100 can be imple 
mentedusing computers other than servers, as Well as a server 
pool. In other Words, the present disclosure contemplates 
computers other than general purpose computers as Well as 
computers Without conventional operating systems. As used 
in this document, the term “computer” is intended to encom 
pass a personal computer, Workstation, netWork computer, or 
any other suitable processing device. HPC server 102, or the 
component nodes 115, may be adapted to execute any oper 
ating system including Linux, UNIX, WindoWs Server, or any 
other suitable operating system. According to one embodi 
ment, HPC server 102 may also include or be communicably 
coupled With a remote Web server. Therefore, server 102 may 
comprise any computer With software and/ or hardWare in any 
combination suitable to dynamically allocate nodes 115 to 
process HPC job 150. 

At a high level, HPC server 102 includes a management 
node 105, a grid 110 comprising a plurality ofnodes 115, and 
cluster management engine 130. More speci?cally, server 
102 may be a standard 19" rack including a plurality of blades 
(nodes 115) With some or all of the folloWing components: i) 
dual-processors; ii) large, high bandWidth memory; iii) dual 
host channel adapters (HCAs); iv) integrated fabric sWitch 
ing; v) FPGA support; and vi) redundant poWer inputs or N+l 
poWer supplies. These various components alloW for failures 
to be con?ned to the node level. But it Will be understood that 
HPC server 102 and nodes 115 may not include all of these 
components. 
Management node 105 comprises at least one blade sub 

stantially dedicated to managing or assisting an administra 
tor. For example, management node 105 may comprise tWo 
blades, With one of the tWo blades being redundant (such as an 
active/passive con?guration). In one embodiment, manage 
ment node 105 may be the same type of blade or computing 
device as HPC nodes 115. But, management node 105 may be 
any node, including any number of circuits and con?gured in 
any suitable fashion, so long as it remains operable to at least 
partially manage grid 110. Often, management node 105 is 
physically or logically separated from the plurality of HPC 
nodes 115, jointly represented in grid 110. In the illustrated 
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4 
embodiment, management node 105 may be communicably 
coupled to grid 110 via link 108. Link 108 may comprise any 
communication conduit implementing any appropriate com 
munications protocol. In one embodiment, link 108 provides 
Gigabit or 10 Gigabit Ethernet communications betWeen 
management node 105 and grid 110. 

Grid 110 is a group of nodes 115 interconnected for 
increased processing poWer. Typically, grid 110 is a 3D Torus, 
but it may be a mesh, a hypercube, or any other shape or 
con?guration Without departing from the scope of this disclo 
sure. The links betWeen nodes 115 in grid 110 may be serial 
or parallel analog links, digital links, or any other type of link 
that can convey electrical or electromagnetic signals such as, 
for example, ?ber or copper. Each node 115 is con?gured 
With an integrated sWitch. This alloWs node 115 to more 
easily be the basic construct for the 3D Torus and helps 
minimiZe XYZ distances betWeen other nodes 115. Further, 
this may make copper Wiring Work in larger systems at up to 
Gigabit rates With, in some embodiments, the longest cable 
being less than 5 meters. In short, node 115 is generally 
optimiZed for nearest-neighbor communications and 
increased I/O bandWidth. 

Each node 115 may include a cluster agent 132 communi 
cably coupled With cluster management engine 130. Gener 
ally, agent 132 receives requests or commands from manage 
ment node 105 and/or cluster management engine 130. Agent 
132 could include any hardWare, softWare, ?rmWare, or com 
bination thereof operable to determine the physical status of 
node 115 and communicate the processed data, such as 
through a “heartbeat,” to management node 105. In another 
embodiment, management node 105 may periodically poll 
agent 132 to determine the status of the associated node 115. 
Agent 132 may be Written in any appropriate computer lan 
guage such as, for example, C, C++, Assembler, Java, Visual 
Basic, and others or any combination thereof so long as it 
remains compatible With at least a portion of cluster manage 
ment engine 130. 

Cluster management engine 130 could include any hard 
Ware, softWare, ?rmWare, or combination thereof operable to 
dynamically allocate and manage nodes 115 and execute job 
150 using nodes 115. For example, cluster management 
engine 130 may be Written or described in any appropriate 
computer language including C, C++, Java, Visual Basic, 
assembler, any suitable version of 4GL, and others or any 
combination thereof. It Will be understood that While cluster 
management engine 130 is illustrated in FIG. 1 as a single 
multi-tasked module, the features and functionality per 
formed by this engine may be performed by multiple modules 
such as, for example, a physical layer module, a virtual layer 
module, a job scheduler, and a presentation engine (as shoWn 
in more detail in FIG. 5). Further, While illustrated as external 
to management node 105, management node 105 typically 
executes one or more processes associated With cluster man 

agement engine 130 and may store cluster management 
engine 130. Moreover, cluster management engine 130 may 
be a child or sub-module of another softWare module Without 
departing from the scope of this disclosure. Therefore, cluster 
management engine 130 comprises one or more softWare 
modules operable to intelligently manage nodes 115 and jobs 
150. 

Server 102 may include interface 104 for communicating 
With other computer systems, such as client 120, over net 
Work 106 in a client-server or other distributed environment. 
In certain embodiments, server 102 receives jobs 150 or job 
policies from netWork 106 for storage in disk farm 140. Disk 
farm 140 may also be attached directly to the computational 
array using the same Wideband interfaces that interconnects 
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the nodes. Generally, interface 104 comprises logic encoded 
in software and/or hardware in a suitable combination and 
operable to communicate with network 106. More speci? 
cally, interface 104 may comprise software supporting one or 
more communications protocols associated with communi 
cations network 106 or hardware operable to communicate 
physical signals. 

Network 106 facilitates wireless or wireline communica 
tion between computer server 102 and any other computer, 
such as clients 120. Indeed, while illustrated as residing 
between server 102 and client 120, network 106 may also 
reside between various nodes 115 without departing from the 
scope of the disclosure. In other words, network 106 encom 
passes any network, networks, or sub-network operable to 
facilitate communications between various computing com 
ponents. Network 106 may communicate, for example, Inter 
net Protocol (IP) packets, Frame Relay frames, Asynchro 
nous Transfer Mode (ATM) cells, voice, video, data, and 
other suitable information between network addresses. Net 
work 106 may include one or more local area networks 

(LANs), radio access networks (RANs), metropolitan area 
networks (MANs), wide area networks (WANs), all or a 
portion of the global computer network known as the Internet, 
and/ or any other communication system or systems at one or 
more locations. 

In general, disk farm 140 is any memory, database or 
storage area network (SAN) for storing jobs 150, pro?les, 
boot images, or other HPC information. According to the 
illustrated embodiment, disk farm 140 includes one or more 
storage clients 142. Disk farm 140 may process and route data 
packets according to any of a number of communication 
protocols, for example, INFINIBAND (IB), Gigabit Ethernet 
(GE), or FibreChannel (PC). Data packets are typically used 
to transport data within disk farm 140. A data packet may 
include a header that has a source identi?er and a destination 

identi?er. The source identi?er, for example, a source 
address, identi?es the transmitter of information, and the 
destination identi?er, for example, a destination address, 
identi?es the recipient of the information. 

Client 120 is any device operable to present the user with a 
job submission screen or administration via a graphical user 
interface (GUI) 126. At a high level, illustrated client 120 
includes at least GUI 126 and comprises an electronic com 
puting device operable to receive, transmit, process and store 
any appropriate data associated with system 100. It will be 
understood that there may be any number of clients 120 
communicably coupled to server 102. Further, “client 120” 
and “user of client 120” may be used interchangeably as 
appropriate without departing from the scope of this disclo 
sure. Moreover, for ease of illustration, each client is 
described in terms of being used by one user. But this disclo 
sure contemplates that many users may use one computer to 
communicate jobs 150 using the same GUI 126. 
As used in this disclosure, client 120 is intended to encom 

pass a personal computer, touch screen terminal, workstation, 
network computer, kiosk, wireless data port, cell phone, per 
sonal data assistant (PDA), one or more processors within 
these or other devices, or any other suitable processing 
device. For example, client 120 may comprise a computer 
that includes an input device, such as a keypad, touch screen, 
mouse, or other device that can accept information, and an 
output device that conveys information associated with the 
operation of server 102 or clients 120, including digital data, 
visual information, or GUI 126. Both the input device and 
output device may include ?xed or removable storage media 
such as a magnetic computer disk, CD-ROM, or other suit 
able media to both receive input from and provide output to 
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6 
users of clients 120 through the administration and job sub 
mission display, namely GUI 126. 
GUI 126 comprises a graphical user interface operable to 

allow i) the user of client 120 to interface with system 100 to 
submit one or more jobs 150; and/or ii) the system (or net 
work) administrator using client 120 to interface with system 
100 for any suitable supervisory purpose. Generally, GUI 126 
provides the user of client 120 with an ef?cient and user 
friendly presentation of data provided by HPC system 100. 
GUI 126 may comprise a plurality of customizable frames or 
views having interactive ?elds, pull-down lists, and buttons 
operated by the user. In one embodiment, GUI 126 presents a 
job submission display that presents the various job param 
eter ?elds and receives commands from the user of client 120 
via one of the input devices. GUI 126 may, alternatively or in 
combination, present the physical and logical status of nodes 
115 to the system administrator, as illustrated in FIGS. 4A-B, 
and receive various commands from the administrator. 
Administrator commands may include marking nodes as (un) 
available, shutting down nodes for maintenance, rebooting 
nodes, or any other suitable command. Moreover, it should be 
understood that the term graphical user interface may be used 
in the singular or in the plural to describe one or more graphi 
cal user interfaces and each of the displays of a particular 
graphical user interface. Therefore, GUI 126 contemplates 
any graphical user interface, such as a generic web browser, 
that processes information in system 100 and ef?ciently pre 
sents the results to the user. Server 102 can accept data from 
client 120 via the web browser (e.g., Microsoft Internet 
Explorer or Netscape Navigator) and return the appropriate 
HTML or XML responses using network 106. 

In one aspect of operation, HPC server 102 is ?rst initial 
iZed or booted. During this process, cluster management 
engine 130 determines the existence, state, location, and/or 
other characteristics of nodes 115 in grid 110. As described 
above, this may be based on a “heartbeat” communicated 
upon each node’s initialiZation or upon near immediate poll 
ing by management node 105. Next, cluster management 
engine 130 may dynamically allocate various portions of grid 
110 to one or more virtual clusters 220 based on, for example, 
predetermined policies. In one embodiment, cluster manage 
ment engine 130 continuously monitors nodes 115 for pos 
sible failure and, upon determining that one of the nodes 115 
failed, effectively managing the failure using any of a variety 
of recovery techniques. Cluster management engine 130 may 
also manage and provide a unique execution environment for 
each allocated node of virtual cluster 220. The execution 
environment may consist of the hostname, IP address, oper 
ating system, con?gured services, local and shared ?le sys 
tems, and a set of installed applications and data. The cluster 
management engine 130 may dynamically add or subtract 
nodes from virtual cluster 220 according to associated poli 
cies and according to inter-cluster policies, such as priority. 
When a user logs on to client 120, he may be presented with 

a job submission screen via GUI 126. Once the user has 
entered the job parameters and submitted job 150, cluster 
management engine 130 processes the job submission, the 
related parameters, and any predetermined policies associ 
ated with job 150, the user, or the user group. Cluster man 
agement engine 130 then determines the appropriate virtual 
cluster 220 based, at least in part, on this information. Engine 
130 then dynamically allocates a job space 230 within virtual 
cluster 220 and executes job 150 across the allocated nodes 
115 using HPC techniques. Based, at least in part, on the 
increased I/O performance, HPC server 102 may more 
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quickly complete processing of job 150. Upon completion, 
cluster management engine communicates results 160 to the 
user. 

FIGS. 2A-D illustrate various embodiments of grid 210 in 
system 100 and the usage or topology thereof. FIG. 2A illus 
trates one con?guration, namely a 3D Torus, of grid 210 using 
a plurality of node types. For example, the illustrated node 
types are external I/O node, FS server, FS metadata server, 
database server, and compute node. FIG. 2B illustrates an 
example of “folding” of grid 210. Folding generally alloWs 
for one physical edge of grid 215 to connect to a correspond 
ing axial edge, thereby providing a more robust or edgeless 
topology. In this embodiment, nodes 215 are Wrapped around 
to provide a near seamless topology connect by node link 216. 
Node line 216 may be any suitable hardWare implementing 
any communications protocol for interconnecting tWo or 
more nodes 215. For example, node line 216 may be copper 
Wire or ?ber optic cable implementing Gigabit Ethernet. 

FIG. 2C illustrates grid 210 With one virtual cluster 220 
allocated Within it. While illustrated With only one virtual 
cluster 220, there may be any number (including Zero) of 
virtual clusters 220 in grid 210 Without departing from the 
scope of this disclosure. Virtual cluster 220 is a logical group 
ing of nodes 215 for processing related jobs 150. For 
example, virtual cluster 220 may be associated With one 
research group, a department, a lab, or any other group of 
users likely to submit similar jobs 150. Virtual cluster 220 
may be any shape and include any number of nodes 215 
Within grid 210. Indeed, While illustrated virtual cluster 220 
includes a plurality of physically neighboring nodes 215, 
cluster 220 may be a distributed cluster of logically related 
nodes 215 operable to processjob 150. 

Virtual cluster 220 may be allocated at any appropriate 
time. For example, cluster 220 may be allocated upon initial 
iZation of system 100 based, for example, on startup param 
eters or may be dynamically allocated based, for example, on 
changed server 102 needs. Moreover, virtual cluster 220 may 
change its shape and siZe over time to quickly respond to 
changing requests, demands, and situations. For example, 
virtual cluster 220 may be dynamically changed to include an 
automatically allocated ?rst node 215 in response to a failure 
of a second node 215, previously part of cluster 220. In certain 
embodiments, clusters 220 may share nodes 215 as process 
ing requires. 

FIG. 2D illustrates various job spaces, 230a and 2301) 
respectively, allocated Within example virtual cluster 220. 
Generally, job space 230 is a set of nodes 215 Within virtual 
cluster 220 dynamically allocated to complete received job 
150. Typically, there is one job space 230 per executing job 
150 and vice versa, but job spaces 230 may share nodes 215 
Without departing from the scope of the disclosure. The 
dimensions of job space 230 may be manually input by the 
user or administrator or dynamically determined based on job 
parameters, policies, and/ or any other suitable characteristic. 

FIGS. 3A-C illustrate various embodiments of individual 
nodes 115 in grid 110. In the illustrated, but example, embodi 
ments, nodes 115 are represented by blades 315. Blade 315 
comprises any computing device in any orientation operable 
to process all or a portion, such as a thread or process, of job 
150. For example, blade 315 may be a standard Xeon64TM 
motherboard, a standard PCI-Express OpteronTM mother 
board, or any other suitable computing card. 

Blade 315 is an integrated fabric architecture that distrib 
utes the fabric sWitching components uniformly across nodes 
115 in grid 110, thereby possibly reducing or eliminating any 
centraliZed sWitching function, increasing the fault tolerance, 
and alloWing message passing in parallel. More speci?cally, 
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8 
blade 315 includes an integrated sWitch 345. SWitch 345 
includes any number of ports that may alloW for different 
topologies. For example, sWitch 345 may be an eight-port 
sWitch that enables a tighter three-dimensional mesh or 3D 
Torus topology. These eight ports include tWo “X” connec 
tions for linking to neighbor nodes 115 along an X-axis, tWo 
“Y” connections for linking to neighbor nodes 115 along a 
Y-axis, tWo “Z” connections for linking to neighbor nodes 
115 along a Z-axis, and tWo connections for linking to man 
agement node 105. In one embodiment, sWitch 345 may be a 
standard eight port INFINIBAND-4x sWitch IC, thereby eas 
ily providing built-in fabric sWitching. SWitch 345 may also 
comprise a tWenty-four port sWitch that alloWs for multidi 
mensional topologies, such a 4-D Torus, or other non-tradi 
tional topologies of greater than three dimensions. Moreover, 
nodes 115 may further interconnected along a diagonal axis, 
thereby reducing jumps or hops of communications betWeen 
relatively distant nodes 115. For example, a ?rst node 115 
may be connected With a second node 115 that physically 
resides along a northeasterly axis several three dimensional 
“jumps” aWay. 

FIG. 3A illustrates a blade 315 that, at a high level, includes 
at least tWo processors 320a and 320b, local or remote 
memory 340, and integrated sWitch (or fabric) 345. Processor 
320 executes instructions and manipulates data to perform the 
operations of blade 315 such as, for example, a central pro 
cessing unit (CPU). Reference to processor 320 is meant to 
include multiple processors 320 Where applicable. In one 
embodiment, processor 320 may comprise a Xeon64 or Ita 
niumTM processor or other similar processor or derivative 
thereof. For example, the Xeon64 processor may be a 3.4 
GHZ chip With a 2 MB Cache and HyperTreading. In this 
embodiment, the dual processor module may include a native 
PCI/ Express that improves ef?ciency. Accordingly, processor 
320 has ef?cient memory bandWidth and, typically, has the 
memory controller built into the processor chip. 

Blade 315 may also include Northbridge 321, Southbridge 
322, PCI channel 325, HCA 335, and memory 340. North 
bridge 321 communicates With processor 320 and controls 
communications With memory 340, a PCI bus, Level 2 cache, 
and any other related components. In one embodiment, 
Northbridge 321 communicates With processor 320 using the 
frontside bus (FSB). Southbridge 322 manages many of the 
input/output (I/O) functions of blade 315. In another embodi 
ment, blade 315 may implement the Intel Hub Architecture 
(IHATM), Which includes a Graphics and AGP Memory Con 
troller Hub (GMCH) and an I/O Controller Hub (ICH). 

PCI channel 325 comprises any high-speed, loW latency 
link designed to increase the communication speed betWeen 
integrated components. This helps reduce the number of 
buses in blade 315, Which can reduce system bottlenecks. 
HCA 335 comprises any component providing channel 
based I/O Within server 102. Each HCA 335 may provide a 
total bandWidth of 2.65 GB/sec, thereby alloWing 1.85 
GB/sec per PE to sWitch 345 and 800 MB/sec per PE to I/O 
such as, for example, BIOS (Basic Input/ Output System), an 
Ethernet management interface, and others. This further 
alloWs the total sWitch 345 bandWidth to be 3.7 GB/sec for 
13.6 Giga?ops/sec peak or 0.27 Bytes/Flop I/O rate is 50 
MB/ sec per Giga?op. 
Memory 340 includes any memory or database module and 

may take the form of volatile or non-volatile memory includ 
ing, Without limitation, magnetic media, optical media, ?ash 
memory, random access memory (RAM), read-only memory 
(ROM), removable media, or any other suitable local or 
remote memory component. In the illustrated embodiment, 
memory 340 is comprised of 8 GB of dual double data rate 
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(DDR) memory components operating at least 6.4 GB/ s. 
Memory 340 may include any appropriate data for managing 
or executing HPC jobs 150 Without departing from this dis 
closure. 

FIG. 3B illustrates a blade 315 that includes tWo processors 
320a and 320b, memory 340, HYPERTRANSPORT/ periph 
eral component interconnect (HT/PCI) bridges 330a and 
330b, and tWo HCAs 335a and 3351). 

Example blade 315 includes at least tWo processors 320. 
Processor 320 executes instructions and manipulates data to 
perform the operations of blade 315 such as, for example, a 
central processing unit (CPU). In the illustrated embodiment, 
processor 320 may comprise an Opteron processor or other 
similar processor or derivative. In this embodiment, the 
Opteron processor design supports the development of a Well 
balanced building block for grid 110. Regardless, the dual 
processor module may provide four to ?ve Giga?op usable 
performance and the next generation technology helps solve 
memory bandWidth limitation. But blade 315 may more than 
tWo processors 320 Without departing from the scope of this 
disclosure. Accordingly, processor 320 has e?icient memory 
bandWidth and, typically, has the memory controller built into 
the processor chip. In this embodiment, each processor 320 
has one or more HYPERTRANSPORT (or other similar con 
duit type) links 325. 

Generally, HT link 325 comprises any high-speed, loW 
latency link designed to increase the communication speed 
betWeen integrated components. This helps reduce the num 
ber of buses in blade 315, Which can reduce system bottle 
necks. HT link 325 supports processor to processor commu 
nications for cache coherent multiprocessor blades 315. 
Using HT links 325, up to eight processors 320 may be placed 
on blade 315. If utiliZed, HYPERTRANSPORT may provide 
bandWidth of 6.4 GB/ sec, 12.8, or more, thereby providing a 
better than forty-fold increase in data throughput over legacy 
PCI buses. Further HYPERTRANSPORT technology may be 
compatible With legacy I/O standards, such as PCI, and other 
technologies, such as PCI-X. 

Blade 315 further includes HT/PCI bridge 330 and HCA 
335. PCI bridge 330 may be designed in compliance With PCI 
Local Bus Speci?cation Revision 2.2 or 3.0 or PCI Express 
Base Speci?cation 1.0a or any derivatives thereof. HCA 335 
comprises any component providing channel-based I/O 
Within server 102. In one embodiment, HCA 335 comprises 
an INFINIBAND HCA. INFINIBAND channels are typi 
cally created by attaching host channel adapters and target 
channel adapters, Which enable remote storage and netWork 
connectivity into an INFINIBAND fabric, illustrated in more 
detail in FIG. 3B. HYPERTRAINSPORT 325 to PCI-Express 
Bridge 330 and HCA 335 may create a full-duplex 2 GB/ sec 
I/O channel for each processor 320. In certain embodiments, 
this provides su?icient bandWidth to support processor-pro 
cessor communications in distributed HPC environment 100. 
Further, this provides blade 315 with U0 performance nearly 
or substantially balanced With the performance of processors 
320. 

FIG. 3C illustrates another embodiment of blade 315 
including a daughter board. In this embodiment, the daughter 
board may support 3 .2 GB/ sec or higher cache coherent inter 
faces. The daughter board is operable to include one or more 
Field Programmable GateArrays (FPGAs) 350. For example, 
the illustrated daughter board includes tWo FPGAs 350, rep 
resented by 35011 and 350b, respectively. Generally, FPGA 
350 provides blade 315 With non-standard interfaces, the 
ability to process custom algorithms, vector processors for 
signal, image, or encryption/decryption processing applica 
tions, and high bandWidth. For example, FPGA may supple 
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10 
ment the ability of blade 315 by providing acceleration fac 
tors of ten to tWenty times the performance of a general 
purpose processor for special functions such as, for example, 
loW precision Fast Fourier Transform (FFT) and matrix arith 
metic functions. 
The preceding illustrations and accompanying descrip 

tions provide exemplary diagrams for implementing various 
scaleable nodes 115 (illustrated as example blades 315). 
HoWever, these ?gures are merely illustrative and system 100 
contemplates using any suitable combination and arrange 
ment of elements for implementing various scalability 
schemes. Although the present invention has been illustrated 
and described, in part, in regard to blade server 102, those of 
ordinary skill in the art Will recogniZe that the teachings of the 
present invention may be applied to any clustered HPC server 
environment. Accordingly, such clustered servers 102 that 
incorporate the techniques described herein may be local or a 
distributed Without departing from the scope of this disclo 
sure. Thus, these servers 102 may include HPC modules (or 
nodes 115) incorporating any suitable combination and 
arrangement of elements for providing high performance 
computing poWer, While reducing I/O latency. Moreover, the 
operations of the various illustrated HPC modules may be 
combined and/ or separated as appropriate. For example, grid 
110 may include a plurality of substantially similar nodes 115 
or various nodes 115 implementing differing hardWare or 
fabric architecture. 

FIGS. 4A-B illustrate various embodiments of a manage 
ment graphical user interface 400 in accordance With the 
system 100. Often, management GUI 400 is presented to 
client 120 using GUI 126. In general, management GUI 400 
presents a variety of management interactive screens or dis 
plays to a system administrator and/or a variety of job sub 
mission or pro?le screens to a user. These screens or displays 
are comprised of graphical elements assembled into various 
vieWs of collected information. For example, GUI 400 may 
present a display of the physical health of grid 110 (illustrated 
in FIG. 4A) or the logical allocation or topology of nodes 115 
in grid 110 (illustrated in FIG. 4B). 

FIG. 4A illustrates example display 400a. Display 400a 
may include information presented to the administrator for 
effectively managing nodes 115. The illustrated embodiment 
includes a standard Web broWser With a logical “picture” or 
screenshot of grid 110. For example, this picture may provide 
the physical status of grid 110 and the component nodes 115. 
Each node 115 may be one of any number of colors, With each 
color representing various states. For example, a failed node 
1 15 may be red, a utiliZed or allocated node 1 15 may be black, 
and an unallocated node 115 may be shaded. Further, display 
400a may alloW the administrator to move the pointer over 
one of the nodes 115 and vieW the various physical attributes 
of it. For example, the administrator may be presented With 
information including “node,” “availability,” “processor uti 
liZation,” “memory utiliZation,” “temperature,” “physical 
location,” and “address.” Of course, these are merely example 
data ?elds and any appropriate physical or logical node infor 
mation may be display for the administrator. Display 400a 
may also alloW the administrator to rotate the View of grid 110 
or perform any other suitable function. 

FIG. 4B illustrates example display 4001). Display 4001) 
presents a vieW or picture of the logical state of grid 100. The 
illustrated embodiment presents the virtual cluster 220 allo 
cated Within grid 110. Display 4001) further displays tWo 
example job spaces 230 allocate Within cluster 220 for 
executing one or more jobs 150. Display 4001) may alloW the 
administrator to move the pointer over graphical virtual clus 
ter 220 to vieW the number of nodes 115 grouped by various 
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statuses (such as allocated or unallocated). Further, the 
administrator may move the pointer over one of the job spaces 
230 such that suitable job information is presented. For 
example, the administrator may be able to view the job name, 
start time, number of nodes, estimated end time, processor 
usage, I/O usage, and others. 

It will be understood that management GUI 126 (repre 
sented above by example displays 400a and 400b, respec 
tively) is for illustration purposes only and may include none, 
some, or all of the illustrated graphical elements as well as 
additional management elements not shown. 

FIG. 5 illustrates one embodiment of cluster management 
engine 130, shown here as engine 500, in accordance with 
system 100. In this embodiment, cluster management engine 
500 includes a plurality of sub-modules or components: 
physical manager 505, virtual manager 510, job scheduler 
515, and local memory or variables 520. 

Physical manager 505 is any software, logic, ?rmware, or 
other module operable to determine the physical health of 
various nodes 115 and effectively manage nodes 115 based on 
this determined health. Physical manager may use this data to 
e?iciently determine and respond to node 115 failures. In one 
embodiment, physical manager 505 is communicably 
coupled to a plurality of agents 132, each residing on one 
node 115. As described above, agents 132 gather and com 
municate at least physical information to manager 505. Physi 
cal manager 505 may be further operable to communicate 
alerts to a system administrator at client 120 via network 106. 

Virtual manager 510 is any software, logic, ?rmware, or 
other module operable to manage virtual clusters 220 and the 
logical state of nodes 115. Generally, virtual manager 510 
links a logical representation of node 115 with the physical 
status of node 115. Based on these links, virtual manager 510 
may generate virtual clusters 220 and process various 
changes to these clusters 220, such as in response to node 
failure or a (system or user) request for increased HPC pro 
cessing. Virtual manager 510 may also communicate the sta 
tus of virtual cluster 220, such as unallocated nodes 115, to 
job scheduler 515 to enable dynamic back?lling of unex 
ecuted, or queued, HPC processes and jobs 150. Virtual man 
ager 510 may further determine the compatibility of j ob 150 
with particular nodes 115 and communicate this information 
to job scheduler 515. In certain embodiments, virtual man 
ager 510 may be an object representing an individual virtual 
cluster 220. 

Cluster management engine 500 may also include job 
scheduler 515. Job scheduler sub-module 515 is a topology 
aware module that processes aspects of the system’s 
resources, as well with the processors and the time alloca 
tions, to determine an optimum job space 230 and time. 
Factors that are often considered include processors, pro 
cesses, memory, interconnects, disks, visualization engines, 
and others. In other words, job scheduler 515 typically inter 
acts with GUI 126 to receive jobs 150, physical manager 505 
to ensure the health of various nodes 115, and virtual manager 
510 to dynamically allocate job space 230 within a certain 
virtual cluster 220. This dynamic allocation is accomplished 
through various algorithms that often incorporates knowl 
edge of the current topology of grid 110 and, when appropri 
ate, virtual cluster 220. Job scheduler 515 handles both batch 
and interactive execution of both serial and parallel programs. 
Scheduler 515 should also provide a way to implement poli 
cies 524 on selecting and executing various problems pre 
sented byjob 150. 

Cluster management engine 500, such as through job 
scheduler 515, may be further operable to perform ef?cient 
check-pointing. Restart dumps typically comprise over sev 
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12 
enty-?ve percent of data written to disk. This U0 is often done 
so that processing is not lost to a platform failure. Based on 
this, a ?le system’s I/O can be segregated into two portions: 
productive I/O and defensive I/O. Productive U0 is the writ 
ing of data that the user calls for to do science such as, for 
example, visualiZation dumps, traces of key physics variables 
over time, and others. Defensive U0 is performed to manage 
a large simulation run over a substantial period of time. 
Accordingly, increased I/O bandwidth greatly reduces the 
time and risk involved in check-pointing. 

Returning to engine 500, local memory 520 comprises 
logical descriptions (or data structures) of a plurality of fea 
tures of system 100. Local memory 520 may be stored in any 
physical or logical data storage operable to be de?ned, pro 
cessed, or retrieved by compatible code. For example, local 
memory 520 may comprise one or more eXtensible Markup 
Language (XML) tables or documents. The various elements 
may be described in terms of SQL statements or scripts, 
Virtual Storage Access Method (V SAM) ?les, ?at ?les, 
binary data ?les, Btrieve ?les, database ?les, or comma 
separated-value (CSV) ?les. It will be understood that each 
element may comprise a variable, table, or any other suitable 
data structure. Local memory 520 may also comprise a plu 
rality of tables or ?les stored on one server 102 or across a 

plurality of servers or nodes. Moreover, while illustrated as 
residing inside engine 500, some or all of local memory 520 
may be internal or external without departing from the scope 
of this disclosure. 

Illustrated local memory 520 includes physical list 521, 
virtual list 522, group ?le 523, policy table 524, and job queue 
525. But, while not illustrated, local memory 520 may include 
other data structures, including a job table and audit log, 
without departing from the scope of this disclosure. Retum 
ing to the illustrated structures, physical list 521 is operable to 
store identifying and physical management information 
about node 115. Physical list 521 may be a multi-dimensional 
data structure that includes at least one record per node 115. 
For example, the physical record may include ?elds such as 
“node,” “availability, processor utiliZation, memory uti 
liZation,” “temperature,” “physical location,” “address,” 
“boot images,” and others. It will be understood that each 
record may include none, some, or all of the example ?elds. In 
one embodiment, the physical record may provide a foreign 
key to another table, such as, for example, virtual list 522. 

Virtual list 522 is operable to store logical or virtual man 
agement information about node 115. Virtual list 522 may be 
a multi-dimensional data structure that includes at least one 
record per node 115. For example, the virtual record may 
include ?elds such as “node,” “availability,” “job,” “virtual 
cluster,” “secondary node,” “logical location,” “compatibil 
ity,” and others. It will be understood that each record may 
include none, some, or all of the example ?elds. In one 
embodiment, the virtual record may include a link to another 
table such as, for example, group ?le 523. 

Group ?le 523 comprises one or more tables or records 
operable to store user group and security information, such as 
access control lists (or ACLs). For example, each group 
record may include a list of available services, nodes 115, or 
jobs for a user. Each logical group may be associated with a 
business group or unit, a department, a project, a security 
group, or any other collection of one or more users that are 

able to submit jobs 150 or administer at least part of system 
100. Based on this information, cluster management engine 
500 may determine if the user submitting job 150 is a valid 
user and, if so, the optimum parameters for job execution. 
Further, group table 523 may associate each user group with 
a virtual cluster 220 or with one or more physical nodes 115, 










